This article deals only with flexor tendons cut accidentally without skin loss. At first thought it would seem to be desirable to suture a cut tendon as soon as possible. It may not, however, be advisable to do so at the time of primary surgery for the following reasons: Firstly, finger flexor tendons retract and the ends are not available in the accidental wound. The wound is inevitably contaminated and to enlarge it to seek the tendon ends is bad surgical practice, as the contamination is spread. With care and luck and antibiotics no harm usually results but it may; in which case suppuration is more extensive than it otherwise would be. Secondly, enlargement of the wound to expose the tendons may jeopardize the blood supply of the flap so formed. Occasionally, in fact, it is not possible to find the tendon ends by a conventional incision because the direction of the accidental wound will form a skin flap that cannot survive. Lastly, an immediate tendon suture may not be possible because the necessary instruments and skill are not available.
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It is useful to divide the course of the finger flexors into three zones. Zone 1.-This extends from the profundus insertion to the proximal interphalangeal joint. It is a single tendon zone. The disability following division of a flexor profundus tendon is, in this zone, not great; heroic attempts at repair are not worth while.
The tendon is apt to retract through the sublimis bifurcation. Except in instances of obviously heavy contamination the finger should be opened laterally as far as the proximal interphalangeal joint to see if the proximal cut end of the tendon is still visible. If available the tendon is grabbed and an immediate tendon suture is performed. If the profundus has retracted beyond the sublimis bifurcation the surgeon should be content with a skin suture. The wound will have the opportunity of sterilizing itself during the two weeks necessary for sound skin healing. When this is complete the tendon can be approached through the conventional incision and a delayed primary suture is made. If healing is delayed beyond four or five weeks, a later exploration will not be worth while because the bifurcation of the sublimis tendon will be obstructed preventing gliding motion of the sutured profundus. In such a case secondary suture or free tendon grafting are inappropriate. The best result will be obtained by utilizing the distal stump as a tenodesis holding the terminal joint flexcd about 20 degrees. If the stump is too short to be used an arthrodesis of the terminal joint is effective but more troublesome to obtain. Zone 2.-This zone extends from the proximal interphalangeal joint to the proximal end of the fibrous digital sheaths at the level of the distal palmar creases. It is the twotendon zone. Division of both tendons in this region causes grave disability. Division of one tendon only is usually accompanied by adherence of the other and so the two disablements are similar.
It is fundamental that the sublimis tendon is to be sacrificed when both have been divided or when the sublimis alone has been divided. It is not possible to obtain independent tendon movement if one or both have been damaged in this zone. Removal of the sublimis tendon at the time of primary surgery is not a wise thing to do because of the extensive fishing about that would be necessary. Consequently, primary suture of the profundus tendon is not done for cuts in this zone. The best all-purpose immediate treatment of tendon injuries in this zone is simple skin suture.
A delayed primary suture of the profundus tendon with removal of the sublimis is probably the simplest and best definitive treatment. The opportunity for delayed primary suture expires about a month from the injury. After greater delay, the tendon sheath becomes blocked by proliferated synovial cells effectively preventing gliding motion.
A secondary suture is rarely effective in this zone and anyway a free tendon graft has more to offer. A free graft complete with its gliding mechanism can be adjusted nicely to length and the suture line (a potential point of adherence) is transferred to the palm. The free tendon graft comes into its own as a means of curing the disability of tendons divided in Zone 2. AUGUST Zone 3. This covers the palmar course of the tendons to the wrist. Flexor tendons may be damaged in the palm as part of an extensive injury involving skin loss and metacarpal fractures. The injury is apt to be extensive indicating that skin healing may be delayed. The tendons do not retract very far and surgical approach to the palmar structures through approved incisions is easy and trouble free.
Incisions accidentally made in the palm may be slow to heal. If tendons, divided in the palm, are not sutured within four to six weeks the proximal ends are liable to become degenerate and friable. This almost completely precludes the possibility of a successful secondary suture. Except in the most unusual circumstances the sublimis tendons should be removed if they are damaged in the palm.
At primary surgery it is more important, in this zone than any other, to secure coaptation of the profundus tendons. The tendons do not degenerate when they are held in tension. Immediate tendon suture maintains the tension even though it may not secure mobility. Fortunately the tendons do not retract very far and enlargement of an accidental cut in the palm is usually easy.
It is worth while, therefore, to enlarge a contaminated wound in the palm so that the profundus tendon ends can be found and sutured. If adherence follows, a tenolysis is more likely to be successful than a secondary suture or even a tendon graft.
Mr. R. G. Pulvertaft: Treatment of Damaged Skin It is of supreme importance to obtain skin cover in wounds of the hand and during the primary treatment of open injuries, bone, tendon and nerve repair must take second place to closure of the skin. I shall discuss the various methods which may be used to convert an open into a closed injury, and here I quote a remark once made to me by Sir Harry Platt, "The man with a method is the most dangerous man in surgery". I have often repeated this to those who work with me, for the sentiment is particularly apt for those who practise hand surgery. Rigid adherence to a favourite method without regard to circumstance can lead one astray. It is necessary to appreciate the results obtainable from different methods and I would suggest that it is our duty to be familiar with the many different techniques available, and to be competent to choose the one most suitable under the existing conditions. The obvious method of wound closure is, of course, by suture. There is no excess of skin upon the hand, and if suture is to be done successfully without tension, as little skin edge as possible should be removed. It is unnecessary and unwise, in many wounds of the hand, to carry out a formal edge excision for in doing so we can create a difficult problem in closure. Careful washing of the wound is usually sufficient provided that there is not severe crushing; if so, excision is inevitable. Fig. 1 , A and B, iS an example of suture of an extensive laceration-the wound was closed without the use of additional skin, except for that of the filleted little finger, which was damaged beyond redemption. Skin so damaged that it cannot survive must be completely removed, and here I would draw attention to a form of injury which is sometimes under-estimated. One patient sustained a crush injury with the skin lifted from the thumb, and front and back of the hand, the flaps having distal attachment. Under these circumstances the skin will rarely survive and it is better to carry out an immediate radical skin removal and replacement.
In this case, the flaps, after cleansing, were replaced and Fig. 2A was taken ten days later when the patient first came under our care. Fig. 2B shows the flayed and infected hand when the gangrenous skin has been removed. A prolonged and difficult programme of reparative surgery followed, and the result although interesting to us was not what the patient could have expected had his primary care been different. The replacement of actual skin loss may be achieved by the use of a free graft, or of a skin flap carrying its own blood supply. Free grafts will take readily upon the vascular structures of the hand, but will not survive upon dense cortical bone, joint capsule or tendon; when these structures are exposed some form of flap must be used.
Free grafts may be of partial or whole thickness; the former may vary in depth according to the purpose for which they are required. Thick grafts give the best results in regard to texture, lack of contracture and return of sensation, but they require a good vascular bed, devoid of infection. Thin grafts will survive in the presence of infection.
The local flap of the rotation-advancement type is often of value to overcome small skin defects. It may be used as an immediate measure to cover vulnerable structures upon which a free graft will not survive, or to replace scars which are causing a contracture. The defect should be of triangular shape or brought to this shape by suitable trimming. The blood supply of the flap is safeguarded by careful planning and it is advisable to cut out a pattern in sterile material as a protection against faulty design. Constant observation of the circulation is necessary during the raising of the flap and for this reason a tourniquet is not used. The base of the flap is directed towards the main blood supply and the correct propQrtion of base to length observed; as a general rule the length should not be more than double the width. The flap should be of a generous size and it is a common mistake to make it too small. The secondary defect is covered by a free graft.
Distant flaps offer the surgeon a wide choice in convenience, quality of skin and size of flap. They may be raised from a neighbouring finger, the palm, the opposite forearm and upper arm, the abdomen and the thorax.
The cross-finger and palmar flaps have a limited use, but at times will provide the solution to a particular problem with the minimum of inconvenience to the patient. Loss of skin on the anterior or antero-lateral aspect of a digit, which is unsuitable for free graft because of the exposure of tendon or bone, may be replaced by a flap raised from the dorsal surface of an adjacent finger. Care is taken to see that the deep structures on the donor finger remain covered by subcutaneous tissue to which is applied a free graft. A flap raised from the palm or thenar eminence can be used to cover a lacerated finger extremity.
Cross-arm and forearm flaps are useful for small or medium size defects which are unsuitable for finger flaps. The skin may be lifted as a single flap or as a bridge leaving double attachment; in the latter case the digit is passed deep to the bridge and thus a more narrow flap may be used without fear for its blood supply.
The abdominal and thoracic flaps (undersurface of the breast in women) offer an almost unlimited supply of skin. They are of particular value when several digits or a large area of hand or forearm need skin covering.
By one or other of these means, or by a combination of them, it is possible to close open wounds of the hand and thus avoid prolonged granulation which leads to stiffened joints, adherent tendons and skin contractures. Far more can be accomplished by reconstructive surgery if the hand is supple and mobile. The final result depends directly on the quality of the primary treatment.
Mr. Donal Brooks:
The Place of Tendon Transplantation in Injuries of the Hand Injuries to the median and ulnar nerves at the level of the wrist-joint are rarely isolated; some damage to the long flexor tendons, to a greater or lesser extent, is inevitable. The problem of restoration of intrinsic muscle function by tendon transplantation in irreparable nerve lesions is therefore a difficult one. Those motor tendons normally employed in other paralytic disorders are often damaged; scarring may be extensive.
The three significant disabilities resulting from a total paralysis of the intrinsic muscles of the hand are: (1) Loss of opposition of the thumb. (2) Loss of opposition of the fingers.
(3) Loss of lateral movement of the fingers, and in particular, loss of radial deviation of the index.
There are two types of reconstructed hand: (1) That equipped for fine work in which a pinch grip between a finger and thumb is essential. (2) That useful for rough work in which a strong grip is necessary.
It is wise to assess at an early stage into which category a given case belongs, having regard to the quality of sensibility that will be present in the hand. For fine work the three important disabilities already mentioned must be corrected-restoration of one function without the other two is not of much value. For rough work, restoration of opposition of the thumb and of intrinsic muscle action in the fingers is not essential.
The principles of tendon transplantation.-(1) Incisions should be so planned that they will skirt all tendon junctions. (2) Where possible, tendons should be inserted directly into bone in order to avoid tendon junctions in the soft tissues. (3) The line of action of the transplant should correspond closely to that of the muscle that is being replaced.
(4) The power and excursion of the motor tendon should equal that of the paralysed muscle.
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FIG. I -Pollex valgus has resulted from an opposition transplant in which the flexor digitorum sublimis tendon was inserted in the first metacarpal and not into the proximal phalanx of the thumb. Operative Technique Thenar palsy.-An isolated paralysis of the short abductor of the thumb may sometimes give rise to no functional disability, as the combined action of the long abductor and short flexor muscles abduct the thumb and, due to the shape of the carpo-metacarpal joint, rotation of the ray then occurs. If, however, there is a total paralysis of the thenar muscles operative intervention becomes necessary.
A sublimis tendon is the motor tendon of choice, though operative details vary considerably. I prefer a slight modification of C. E. Irwin's technique (1942) . In this method a loop is fashioned from the superficial fibres of flexor carpi ulnaris at the level of the pisiform through which a sublimis tendon is passed. The tendon then travels across the thenar eminence, over the metacarpo-phalangeal joint, and traverses a bony tunnel at the base of the proximal phalanx of the thumb, to be secured on the other side to the tendon of insertion of the short abductor muscle. By inserting the tendon into the proximal phalanx of the thumb the extensor mechanism is left unimpaired, hyperextension and stiffness of the metacarpophalangeal joint is avoided and pollex valgus does not develop (Fig. 1) .
Often the damage to the hand is such that the superficial flexor tendons are not suitable for transplantation, having been repaired, or even excised at the level of the wrist-joint. In these circumstances extensor carpi ulnaris is used as the motor tendon. It is detached from its insertion, passed over the ulnar border of the wrist, and united to the tendon of the short extensor of the thumb which is re-routed and used as a graft. The line of action of extensor carpi ulnaris is such that no pulley is required at the level of the pisiform. The sole drawback to this method is that the tendon junction lies in the soft tissues. A carefully planned incision minimizes the risk of adhesion formation.
The two techniques described may be regarded as the basic transplants for a complete thenar palsy. In certain circumstances other motor tendons can be employed with diminishing success.
Formerly, in those instances in which tendon transplantation proved impracticable, it was customary to use an opponens bone graft. The results, however, were often disappointing; pollex valgus, due to lack of support of the proximal phalanx, was a common sequel (Fig. 2.) 
FIG. 2.-A pollex valgus has developed secondary to an intermetacarpal bone graft.
A useful operation which has been carried out sufficiently often to warrant its description is the opponodesis or opposition tenodesis. The tendon of the short extensor of the thumb is re-routed and anchored to the neck of the ulna. The action of the tenodesis is such that when the wrist is palmar-flexed the tendon is relaxed and the thumb can be adducted to the palm, but when the wrist assumes the functional position of slight dorsiflexion then the thumb goes into full opposition (Fig. 3) . One of the merits of this operation lies in the fact that as the tendon is secured to the proximal phalanx of the thumb, a pollex valgus cannot develop. Furthermore, the thumb is not held rigidly opposed, as happens after an opponens bonegraft.
Interosseous palsy.-The significant functional disabilities that result from such a paralysis are due to difficulty in extending the fingers when grasping, weakness of grip, and loss of opposition of the fingers. If the deformity is allowed to remain uncorrected then stretching of the extensor apparatus in the fingers may occur. In most cases, if the metacarpophalangeal joints are stabilized then full active extension of the fingers is possible. This can be readily demonstrated by wearing a so-called knuckleduster splint. The classical transplant for this paralysis is that described by Stiles and Forrester-Brown in 1922, and modified by Bunnell in 1944. In our experience the results have not been T-, 30' uniformly good. Clawing of the fingers frequently remains uncorrected, and the grip is. weaker. One of the causes of failure is adhesion formation at the site of tendon junction.
In a simpler procedure that has given encouraging results the flexor digitorum sublimis. tendons are divided through lateral incisions in the fingers and inserted into a tunnel in the¢ proximal phalanx. This gives control of the metacarpo-phalangeal joints without impairing the function of the extensor mechanism or weakening the grip. devised an operation whereby the extensor indicis is transplanted into the tendon of the first dorsal interosseous. The line of action of the transplanted tendon, however, does not approximate to that of the first dorsal interosseous. If extensor pollicis brevis is used as a motor tendon the results are excellent. In conclusion, the success of tendon transplantation in the reconstructive surgery of the hand depends upon a very careful attention to operative detail-a principle that applies to all hand surgery. This paper describes an experiment devised to discover whether cortisone in fairly large doses has a significant effect on the healing of tendons. Carstam of Stockholm (1953) demonstrated that in rabbits large doses of cortisone reduced the amount of adhesion formation around tendons which had been scarified. If it could be demonstrated that cortisone in the doses given did not significantly weaken a tendon suture, then this drug might prove to be of value in human tendon surgery.
In the experiment to be described, 30 rabbits were used. A short pilot experiment was performed in which end-to-end suture of tendons was tried. In all cases at the end of four weeks the suture line was found to have broken down and this method of repair was then abandoned. In the remaining rabbits a modified form of Pulvertaft suture was used. In order to get the required overlap, the tendon of one digit was sutured to the tendon from the neighbouring digit (Fig. 1) . The profundus tendon of the first digit was severed distally in the sole of the foot and that of the second digit proximally. The distal end of the second flexor was then threaded twice through and sutured to the proximal end of the tendon to the first digit. The sublimis tendon to the first digit was left intact and that Section of Orthopa?dics to the second was excised. (These sublimis tendons have been omitted from Fig. 1 for the sake of clarity). The suture material was fine black silk on atraumatic needles. Stainless steel wire could not be used because of the difficulty of subsequent microscopic section. No form of splinting or immobilization was used and the rabbits were free to move about in their cages. The skin wounds healed by first intention in the great majority of control and cortisone animals.
The rabbits were operated on in pairs and the choice of which rabbit should receive cortisone and which should act as control was decided by the toss of a coin. The dose of cortisone given was 5 mg. per rabbit per day in two doses intramuscularly starting the day after operation. Owing to differences in weight between rabbits the dose per kilo of rabbit weight varied from 3 to 6'2 mg., the average being 4 5 mg. per kilo, which corresponds with the dose used by Carstam.
The rabbits were allowed to survive for periods varying from three weeks to four months. Some received cortisone for two weeks and some for three. On killing them the sutured tendons were immediately placed in a machine and ruptured by traction. This machine provides a distracting force with a constant speed of separation. The force in Kg. required to rupture the suture lines was measured on a spring balance. By testing the strength of a suture line immediately after operation the Pulvertaft repair was found to have an inherent strength of 3 kilograms.
Deaths.-No control rabbit died; three rabbits receiving cortisone died, the doses they received all being below the average for the series. Post-mortem examination showed no obvious cause for their death.
Complications.-Sepsis: Infection occurred in three rabbits, one control and two on cortisone. Hematoma: One rabbit receiving compound F developed a hematoma and sepsis in both legs. Both its tendon sutures were found to be ruptured at autopsy, though the skin had healed. These rabbits were discarded from the series.
Of the thirty rabbits, nineteen were allowed to survive for twenty-eight days. These consisted of four groups, as shown in Table I . From this Table it will be seen that the average figure for Group II is lower than that for the control group. However, this difference is less than the standard error of deviation for the groups and is thus not statistically significant. The averages for Groups III and IV are slightly greater than the control group so that it will be seen that cortisone for three weeks does not reduce the strength of tendon sutures in rabbits. Two tendon sutures were found to be ruptured, one in the controls and one in the group receiving cortisone for two weeks. No sutures were found ruptured in the group receiving cortisone for three weeks or in the group receiving compound F. It is felt that these ruptures should be attributed to faults in surgical technique. In all cases the rupture occurred at the suture line. In some rabbits both tendons were tested for tensile strength and in others the intact sutured tendon was kept for microscopic section. This accounts for the discrepancy in numbers in the various groups. Fig. 2 summarizes the experimental results. It will be seen that the strength of the suture line in treated rabbits progresses at the same rate, and in step with t that of the control rabbits. Most KG. of these lines are the result of only one or two observations, but those of the groups killed at four weeks are the averages of twenty-five tendon repairs and it will be seen that these two groups correspond almost too nicely for such a small series. Two rabbits killed at four months gave averages of 10-4 and 10 6 Kg. for untreated and £ VWEEKS treated animals respectively. These figures approach closely to FIG. 2. -Diagram showing the tension, in kilograms, rethe value of 13 Kg. which was the quired to rupture tendon sutures in control and cortisone tension required to rupture a rabbits at various periods from the time of operation. normal tendon.
Histology (Dr. H. A. Sissons).-The points looked for were the quantity and quality of fibrous tissue union, the quantity of necrotic tendon present and the quality of the peritendinous fibrous tissue. There was no apparent difference between the treated and untreated animals in the sections examined. This is in agreement with the findings of Gonzales (1953) and Grant (1953) . Buck and Wilhelm (1952) discovered no qualitative difference between control and treated rats, but report a quantitative reduction of fibrous tissue formation in the treated animals. Wrenn et al. (1954) report a 40 % weakening of tendon repair in cortisonetreated dogs. Side effects.-(1) Rabbits on cortisone failed to grow hair on the shaved parts until the cortisone was stopped.
(2) Cortisone caused the rabbits' weight to become static, or to decrease. The weight of nearly all the control rabbits increased.
Conclusions.-(I) Cortisone in the doses given, i.e. about 5 mg. per kilo per day does not interfere significantly with tendon union judged histologically or by tests of tensile strength.
(2) It has no effect on skin healing.
(3) Some unknown factor, probably surgical technique, affects the results far more than does cortisone.
(4) Compound F appears to make no difference to the repair of tendon. As a result of these findings it is felt that a clinical trial of cortisone in tendon surgery is justified. The equivalent dose in a 70 Kg. human would be about 300 mg./day. This dosage was not without its complications in rabbits and might prove too large for humans. A daily dose of 150 mg. of cortisone for three weeks is well tolerated and relatively innocuous provided that the usual precautions are taken. On examination.-Both knees were swollen. There was marked creaking in both, particularly on the right, and there was a considerable amount of synovial thickening. There was marked wasting of both sets of quadriceps, particularly the right.
